The elective isolation of a soil microorganism, tentatively assigned to the genus Arthrobacter, which produced an extracellular neuraminidase is described. The secretion of neuraminidase from washed cells in minimal medium required the presence of sialo-containing glycoproteins, whereas free N-acetylneuraminic acid or N-acetylmannosamine were poor inducers. No enzyme could be detected in the induction filtrate of cells, in the absence of inducer or in the culture filtrate of cells grown in a complete medium. The routine enzyme inducer was a hot-water extract of "edible bird's nest." Mild acid treatment (0.05 N H2SO4) of this extract increased enzyme activity two-to threefold and the specific activity about eightfold. Neuraminidase induction with acid-treated bird's nest was manifested at a linear rate for 6 h without increase in cell number. No other anticipated glycohydrolase or protease activities were found. The amount of enzyme located within the cells was barely detectable as compared to that found in the induction filtrate. Experiments with chloramphenicol or chlortetracycline indicate that de novo protein synthesis was required for neuraminidase production and that this exoenzyme was not released from a preformed pool. Neuraminidase from this source has an apparent molecular weight of 87,000, a pH optimum of 5 to 6, and an apparent K. of 2.08 mg/ml for collocalia mucoid and 3.3 x 10-3 M for N-acetylneuraminlactose and is insensitive both to Ca2+ ions and ethylenediaminetetraacetic acid. Preliminary studies indicate that the enzyme can hydrolyze a-2,3-, a-2,6-, or a-2-8-N-acetylneuraminylglycosidic linkages. From total activity data and purification criteria, it would appear that this isolate can produce about 5 mg of enzyme per liter of induction medium.
The elective isolation of a soil microorganism, tentatively assigned to the genus Arthrobacter, which produced an extracellular neuraminidase is described. The secretion of neuraminidase from washed cells in minimal medium required the presence of sialo-containing glycoproteins, whereas free N-acetylneuraminic acid or N-acetylmannosamine were poor inducers. No enzyme could be detected in the induction filtrate of cells, in the absence of inducer or in the culture filtrate of cells grown in a complete medium. The routine enzyme inducer was a hot-water extract of "edible bird's nest." Mild acid treatment (0.05 N H2SO4) of this extract increased enzyme activity two-to threefold and the specific activity about eightfold. Neuraminidase induction with acid-treated bird's nest was manifested at a linear rate for 6 h without increase in cell number. No other anticipated glycohydrolase or protease activities were found. The amount of enzyme located within the cells was barely detectable as compared to that found in the induction filtrate. Experiments with chloramphenicol or chlortetracycline indicate that de novo protein synthesis was required for neuraminidase production and that this exoenzyme was not released from a preformed pool. Neuraminidase from this source has an apparent molecular weight of 87,000, a pH optimum of 5 to 6, and an apparent K. of 2.08 mg/ml for collocalia mucoid and 3.3 x 10-3 M for N-acetylneuraminlactose and is insensitive both to Ca2+ ions and ethylenediaminetetraacetic acid. Preliminary studies indicate that the enzyme can hydrolyze a-2,3-, a-2,6-, or a-2-8-N-acetylneuraminylglycosidic linkages. From total activity data and purification criteria, it would appear that this isolate can produce about 5 mg of enzyme per liter of induction medium. Neuraminidases (EC 3.2.1.18) have been implicated in myxoviral replication and have been utilized as tools for glycoprotein modification, cell surface alterations, and for solid tumor regression (6, 10) . In addition, most microorganisms which form neuraminidase are human pathogens, and the enzyme has been implicated in the disease process (14) . The enzyme from bacterial sources has been extensively studied by many investigators (6) , but much of this work has been handicapped by the fact that such isolates make rather small quantities of enzyme and are, therefore, not amenable to large-scale isolation and purification. To continue our studies on the structure-function biochemistry of neuraminidases (7), we have utilized the elective isolation technique to obtain a saprophytic bacterium that produces relatively large quantities of neuraminidase. In this communication, the partial purification and properties of this inducible, extracellular neuraminidase are described.
MATERIALS AND METHODS
Reagents. Sephadex G-150 (Pharmacia Fine Chemicals) and diethylaminocythyl (DEAE)-cellulose (Reeve Angel) were employed according to the directions of the manufacturers. N-acetylneuraminlactose (beef colostrum), N-acetylneuraminic acid, fetuin, and submaxillary mucin were obtained from Sigma Chemical Co. Colominic acid was obtained from Calbiochem. All other chemicals were of reagent grade.
Glycoprotein preparations. Crude "edible bird's nest" was purchased from a local Chinese grocery store. ("Bird's nest" refers to an edible regurgitated gelatinous material produced by swiftlets of the genus Collocalia.) The bird's nest was ground to a fine powder and soaked in tap water at a final concentration of 4% (wt/vol). The above suspension was refluxed for 5 h, followed by filtration, and used per se. "Acid-treated bird's nest" was prepared by hydrolysis of the bird's nest with 0.05 N H2S04 for 1.5 h at 80°C. It should be noted that this temperature and pH are critical for material with optimal inducing properties. After cooling, the pH was adjusted to 7.0 with saturated Ba(OH)2, and the precipitated BaSO4 was removed by centrifugation. Collocalia mucoid was made essentially as described by Howe et al. (12) . In this preparation, the crude bird's nest percolate was treated for 3 h at 60°C, followed by dialysis against glass-distilled water and lyophilization. Culture media. Complete TYE medium was composed of 1% (wt/vol) tryptone (Difco)-0.50% (wt/vol) yeast extract. Pure cultures were maintained on TYE agar. Minimal medium was the M-9 solution detailed by Adams (1) modified to contain sodium chloride. The composition is as follows: Na2HPO4, 5.8 g; KH2PO4, 3.0 g; NaCl, 0.5 g; NH4Cl, 1.0 g; MgSO4, 0.12 g; dissolved per liter of deionized water. For certain induction experiments, 2-to 10-fold concentrations of M-9 designated 2 x to lOx were utilized. The organism was initially grown on a rotary shaker (150 rpm) in TYE for 15 h at 30°C. The collected cells were washed with sterile 0.90% NaCl, suspended in an appropriate multiple of M-9 medium at a final concentration of about 1010 cells/ml, and stored in the cold. In all experiments, enzyme induction was then carried out in 2 x M-9 medium by diluting the salt-shocked cells to a final cell concentration of about 3 x 109 cells/ml with the appropriate inducer preparation.
Elective culture methods. Samples of garden soil, sewage, and pond water were used as inocula for M-9 medium less NH4Cl and with collocalia mucoid at 0.1% (wt/vol) concentration as the sole carbon and nitrogen source. The cultures were aerobically grown on a rotary shaker at 37°C for 3 days and examined for evidence of growth. After repeated transfers, potential enzyme producers were isolated as single colonies from agar plates containing the above medium. These were screened by adding a loopful of cells from such colonies to a solution of collocalia mucoid in 0.10 M citrate-phosphate buffer, overnight incubation at 37°C, and determination of liberated N-acetylneuraminic acid. From among the best enzyme producers by this qualitative test, pure colonies were obtained by repeated streaking at high dilution on TYE agar. The microorganism to be described came from a soil sample.
Neuraminidase and related assays. The activity of enzyme preparations was determined as follows.
A reaction mixture containing 40 /mol of citratephosphate buffer (pH 6.0), 1.0 mg of collocalia mucoid (12) , and the enzyme fraction in a final volume of 0.50 ml was incubated at 37°C. Aliquots of 0.20 ml were withdrawn at 5 and 10 min, and the N-acetylneuraminic acid was determined essentially as described by Warren (30) . In all experiments, zerotime points were run for each extract. A unit of enzyme activity is defined as the amount that releases 1 ,umol of N-acetylneuraminic acid per min from the mucoid preparation, under conditions of the standard assay given above. Specific activity is expressed as units per milligram of protein. Protein was determined by the method of Lowry et al. (19) with crystalline bovine serum albumin as the standard. N-acetylneuraminate pyruvatelyase assays were carried out by a conventional procedure (24) .
DNA isolation and G+C content analysis. DNA was isolated by the method of Miura (20) . The final preparation had a 260/280 ratio of 2.17. The guanine plus cytosine (G+C) content was determined by buoyant density experiments with a Beckman model E ultracentrifuge equipped with a photoelectric scanner and multiplexer. Bacteriophage PM2 DNA (buoyant density, 1.696) was used as the marker. This secondary standard had previously been calibrated against M. lysodeikticus deoxyribonucleic acid (DNA). Corrected buoyant densities for the DNA were calculated by the method of Szybalski (25) . The centrifugation experiments were kindly performed by Marcia S. Flashner.
Electrophoresis. Disc gel electrophoresis was carried out at 4°C for 120 min in either a tris(hydroxymethyl)aminomethane-glycine or an acetic acid-,3-alanine buffer system in 6.0% polyacrylamide gel (8) . The gels were soaked in 12.5% trichloroacetic acid for 30 min with agitation and stained with 0.050% Coomassie brilliant blue in 12.5% acid for 1 h at 80°C. The gels were destained by soaking in 10% trichloroacetic acid for 48 h in the dark. Although difficulties in staining bacterial neuraminidases have been reported (9, 11) , the procedure described above gave sharp blue bands with as little as 10 ,ug of neuraminidase. For determination of neuraminidase activity, unstained replicate disc gels were cut into sections, each 2.0 mm thick, using an apparatus purchased from Bio-Rad. Each section was then incubated overnight in 0.010 M citrate-phosphate buffer (pH 6.0), and neuraminidase activity was determined by incubating aliquots in collocalia mucoid for 60 min at 37°C. Alternatively, the gels were stained with MPN (28), methoxyphenyl-N-acetyl-a-neuraminate.
Molecular weight determinations. The molecular weight of neuraminidase was estimated by the method of Andrews (2) . A column of Sephadex G-150 (1.5 by 90 cm) was equilibrated with 0.010 M citratephosphate buffer (pH 6.0) and run at a flow rate of 12 ml/h. Calibration standards included gamma globulin, bovine serum albumin, chymotrypsinogen, myoglobin, and cytochrome c. These determinations were made at 4°C.
Thin-layer chromatography. Separations were carried out on cellulose (Eastman) with n-butanoln-propanol-0.1 N HCl (1:2:1) development. Sialoketosides were detected by Ehrlich reagent spray followed by heating at 110°C (14) .
RESULTS
Characterization of the organism. The organism in a freshly prepared wet mount from young liquid cultures is composed solely ofthin, slightly curved, nonmotile rods. After 24 to 48 h, pleomorphism, including the appearance of coccoid forms, was noted. Under a variety of growth conditions, neither mycelia nor branching was observed with this organism. The rodshaped forms are variable to positive in the Gram stain. The organism does not form spores and is neither acid fast nor can beading or granules be recognized with Loeffler alkaline methylene blue. It is aerobic, producing colonies on agar which form a water-insoluble yel-low pigment in the light, but not in the dark. Growth at 30°C, although relatively slow on TYE, is markedly slow on minimal salts with glucose and ammonium ion, producing tiny, colorless colonies after 2 days. Since this cultivation can be indefinitely repeated, accessory factors are apparently not required. The organism is catalase positive, oxidase negative, urease negative, indole negative, H2S negative, nitrate reductase negative, and cellulase negative and fails to yield acid or gas from mono-or disaccharides, glycerol, or sorbitol. The DNA base composition, ascertained by buoyant density gradient ultracentrifugation (d = 1.715), was found to be 56.0 mol% G+C. On the basis of these foregoing properties, the organism is tentatively assigned to the genus Arthrobacter. The potential of this organism to secrete an extracellular neuraminidase is at variance with the earlier work of Arden et al. (3), who noted that soil or plant coryneforms failed to produce either neuraminidase or N-acetylneuraminate pyruvate-lyase.
Parameters of enzyme induction. Growth of the microorganism took place on a variety of glycoproteins that were used as sole carbon and nitrogen sources (Table 1 ). This accords with the previously reported broad versatility ofArthrobacter catabolic enzymes (29) . Although collocalia mucoid was initially used for the selection ofthis microorganism, the best neuraminidase production, in terms of enzyme activity, was obtained with the crude bird's nest extract. The other sialoproteins tested were intermediate in their activity. The difference in induction efficiency between collocalia mucoid and the crude undialyzed preparation may reflect the removal of lower-molecular-weight, complex inducer materials (see below).
When overnight cultures of Arthrobacter were grown in TYE, washed with saline, and suspended in 2x M-9 mixture, it was found 22 h in 10 ml of M-9 medium containing the appropriate glycoprotein at a final concentration of 0.050% and centrifuged, and the activity of neuraminidase in the growth filtrate was determined.
( Table 2 ) in contrast to above that only crude bird's nest extract or its transformation products acted as inducers. When, however, such cells were exposed overnight to 10 x M-9 at 4°C, not only was stimulation of enzyme activity enhanced with the foregoing glycoprotein preparations, but fetuin and submaxillary mucin also induced enzyme formation. It should be noted that, in both experiments, the actual induction process took place in 2x M-9. Therefore, in all subsequent work, collected Arthrobacter cells were salt-shocked with lOx M-9 prior to inductions. Although it has been reported that N-acetylneuraminic acid or N-acetylmannosamine are good inducers for bacterial neuraminidases (15) , under the protocols given in Table 2 these monosaccharides were not effective with Arthrobacter.
Replacement medium filtrates obtained from cells induced with acid-treated bird's nest were tested for presence of other glycohydrolases with appropriate a-and 3-p-nitrophenylglycosides. Neither a-mannosidase, a-and f3-galactosidase, a-and f8-glucosidase, a-and f3-fucosidase, N-acetyl-/3-galactosamidase, nor N-acetyl-,3-glucosamidase activities were detected. A probe to find proteases by the method of Kunitz (17) failed to detect any activity.
That the above observations reflect an actual specific neuraminidase induction was bolstered by a series of experiments in which replacement cultures with acid-treated bird's nest extract were supplemented with antibiotics. Inhibitors of protein synthesis such as chloramphenicol or chlortetracycline completely suppressed the appearance of enzyme activity, whereas penicillin and neomycin had no inhibitory effect (Table 3) . It was again observed that no neuraminidase activity could be detected in the unsupplemented salts medium.
The inability to observe neuraminidase activity in cells which had been treated with inhibitors of protein synthesis suggests the absence of any significant pool of preformed enzyme. Measurements of the level of intra-and extracellular levels of neuraminidase were made on cells which were induced with the acid-treated bird's nest. Cells were collected by centrifugation, washed with 0.9% NaCl, suspended in 0.10 M citrate phosphate buffer (pH 6.0), and subjected to sonic oscillation. Cell debris was removed by centrifugation, and neuraminidase activity was determined in the supernatant. Under this protocol, only 0.051 unit of enzyme activity could be detected within the cells, whereas a total of 11.5 units was found in the induction filtrate. This small amount of intracellular enzyme is negligible compared to VOL. 129, 1977 on October 27, 2017 by guest http://jb.asm.org/ Enzyme induction was carried out with the indicated substrate for 6 h at 30°C in 2x M-9 at a cell count of 3.3 x 109 cells/ml. Neuraminidase activity measured as described in Materials and Methods. b Cells grown for 15 h in TYE, washed with 0.90% NaCl, suspended in lOx M-9, and stored at 4°C for 18 h. Enzyme induction was carried out with the indicated substrate for 10 h at 30°C in 2 x M-9 at a cell count of 1.4 x 109 cells/ml. Table 2 , with acid-treated bird's nest as the inducer. In all cases the antibiotic was added to the induction medium at a final concentration of 50 ,ug/ml.
that found extracellularly and could easily represent absorbed enzyme rather than truly intracellular material. Corollary experiments indicated that N-acetylneuraminate pyruvatelyase, although present in low activity within cell-free extracts, was not found in the extracellular 1'nduction medium. Acid treatment of bird's nest extract stimulates its action for both total and specific enzyme activities. The greatest increase in neuraminidase activity occurred within the first 30 min of acid treatment, followed by a small linear increase (Fig. 1) . Thin-layer chromatography ofthe 0.05 N acid-treated extract revealed a new Ehrlich-positive spot that had not been observed in the original extract. Table 2 , with inducer at a concentration of 0.40 mg/ ml ofglycoprotein.
this preparation contained several different inducing materials; the most active had molecular weights in the range 1,000 to 10,000. From these experiments, a standard time of acid treatment of 1.5 h was chosen for subsequent work with this inducer preparation. In Fig. 2 , the changes in total and specific neuraminidase activities as a function of acid-treated bird's nest concentration are plotted. The use of pro-tein or peptide is an analytic device, as it is understood that the actual inducer or inducers are most likely glycopeptides or protein-associated saccharides in nature. The activity of neuraminidase per milliliter was biphasic, with a rapid initial linear phase that became significantly lower at about 0.25 mg of acid-treated bird's nest per ml. In contrast, the specific activity of the enzyme increased very rapidly through the initial linear phase of activity, reached a maximum of 1.36 units/mg ofprotein, and then decreased with increased accumulation of activity. As a compromise between changes in specific activity and total activities, a final concentration of 0.40 mg/ml was chosen as standard. The activity of this inducer concentration versus the number of Arthrobacter cells was next examined. Neuraminidase activity increased at an exponential rate (Fig. 3) , reaching a maximum at a cell density of 3 x 109/ml. Therefore, subsequent large-scale preparations of enzyme utilized this concentration.
A series of experiments was carried out to quantitate the effect of pretreatment with high M-9 salt medium. As delineated in Fig. 4 , exposure of cells to 8x M-9 provided maximal enzyme formation. Aliquots removed from each of these experiments at the end of the induction period gave, within experimental error, identical cell counts when plated on TYE. Cells from wet mounts examined at each of these salt concentrations were totally coccoid in form. This salt-shocking phenomenon is presumably due to some undetermined permeability effect.
To examine the relationship of Arthrobacter Table 2 , and were incubated with the inducer at the indicated concentrations. Table 2 , and incubated at the indicated cell densities with acid-treated bird's nest at a concentration of 0.40 mg/ml. Effect of salt on the induction of neuraminidase. Cells were grown for 15 h in TYE medium, washed with 0.9% NaCl, suspended in the indicated M-9 multiple, and stored at 4°C for 18 h. In all cases, the salt concentration was then adjusted to 2 x M-9 by dilution with acid-treated bird's nest (final concentration, 0.40 mg/ml). Enzyme inductions were carried out for 6 h at 30'C at a cell count of about 3 x 109 cellsIml. multiplication to enzyme induction, the synthesis of neuraminidase versus cell count was carried out. Figure 5 displays the results of this time course study. The curve is characterized by a significant lag of approximately 6 h, followed by exponential growth, which gave a generation time of 3.25 h. During the lag phase, enzyme synthesis was linear and leveled off as the culture entered the exponential phase. As Table 4 . For the large-scale preparation of enzyme, the organism was grown at 30°C for 24 h in 20-liter jugs containing 10 liters of TYE. After centrifugation, the cells were washed with 0.90% sterile NaCl, pretreated overnight in lOx M-9, and suspended for 6 h in 5 liters of induction medium containing acid-treated bird's nest. The bacteria were removed by centrifugation (step 1). Solid ammonium sulfate was added over a 6-h period with mechanical stirring to 0.80 saturation, and the precipitate was dissolved in a minimal volume of 0.01 M citrate-phosphate buffer (pH 6.0) (step 2) and extensively dialyzed against the same buffer. The solution was then submitted to ionexchange chromatography on a column (2 by 80 Table 2 , and incubated with acid-treated bird's nest at a concentration of 0.40 mg/ml. Viable cells taken at various times were determined in duplicate using TYE agar plates. Replicate samples were removed and centrifuged, and the activity and specific activity of neuraminidase in the induction filtrate were determined as described in Materials and Methods. cm) of DEAE-cellulose that had been equilibrated with the citrate-phosphate buffer. Under these conditions, neuraminidase was not absorbed but appeared in the effluent (step 3). Further removal of low-molecular-weight material was effected by pressure filtration (nitrogen) through a Diaflo XM-50 filter (Amicon Apparatus Co.) (step 4). Additional purification was achieved by gel exclusion chromatography on a column of Sephadex G-150 (1.5 by 100 cm) that had been equilibrated with the citratephosphate buffer (step 5). After salt removal by dialysis, the fractions containing neuraminidase activity were combined, lyophilized, and suspended in a minimum volume of 0.010 M citrate-phosphate buffer. The specific activity of the final preparation increased 71-fold to 29 units/mg of protein, with an overall yield of 39%. Examination of this preparation by analytical disc gel electrophoresis either at acidic or basic pH revealed one predominant band (about 80%) with three minor protein (about 20%) contaminants. All of the neuraminidase activity in sliced gel sections was associated with the major band. In a separate analysis using specific staining with MPN, the enzyme was also localized coincident with the major protein band.
The amount of neuraminidase present in the induction filtrate (step 1) can be calculated from these data. Based on an estimated final specific activity of approximately 40 units/mg of protein for the homogeneous enzyme, and since the initial induction filtrate contained 206 units/liter, this isolate can produce at least 5 mg of neuraminidase per liter.
Enzyme characteristics. Enzyme activity increased linearly with concentration up to 0.28 mg/ml of protein (Fig. 6) . The effect of pH on the activity was examined in citrate-phosphate buffer. As indicated in Fig. 7 , a pH activity profile with collocalia mucoid gave a broad optimum around 5 to 6. The K,,, values for collocalia mucoid and N-acetylneuraminlactose were determined from the kinetic data given as inverse plots in Fig. 8 . These constants were found to be 2.08 mg/ml for collocalia mucoid and 3.3 x 10-3 M for N-acetylneuraminlactose.
The following cations, Ca2, Mg2+, Mn2 , and C02+, at a concentraion of 10-3 M and 10-2 M had no effect on neuraminidase activity, whether included in the assay mixture or preincubated with the enzyme for 30 min at 370C. Ethylenediaminetetraacetic acid (EDTA) tested under the same conditions also had no effect on neuraminidase activity. Neuraminidase activity was shown to be maximal at 370C, with a sharp loss in activity above 500C.
Preliminary experiments were carried out to determine the linkage specificity of the Arthrobacter neuraminidase. Colominic acid is a homopolymer of N-acetylneuraminic acid linked via an a-2,8-linkage, whereas N-acetylneuraminlactose is a mixture of the a-2,3-and a-2,6-isomers (10) . Prolonged incubation ofthese substrates with neuraminidase resulted in the release of about 100% ofthe bound N-acetylneu- The molecular weight of neuraminidase was determined by gel filtration on Sephadex G-150 (Fig. 9) . A single symmetrical peak was obtained and a molecular weight of 87,000 was calculated by extrapolation. It thus does not differ markedly in this property from a cluster of similar functional enzymes obtained from pathogenic microorganisms (4, 6) .
DISCUSSION
The results indicate that Arthrobacter neuraminidase can be classified as a true exocellular enzyme, as defined by Pollock (23) . Our cellular medium rather than liberated by cell lysis and that the intracellular level of neuraminidase is very low. It has also been shown, in contrast to other bacterial sources (5, 18) , that the enzyme appears to be synthesized during the lag phase of growth and levels off as the cells enter the exponential phase.
The evidence is in keeping with the conclusion that Arthrobacter neuraminidase is an inducible enzyme. For enzyme to accumulate in the induction filtrate, a neuraminyl-containing glycoprotein is required, whereas free N-acetylneuraminic acid or N-acetylmannosamine is a poor enzyme inducer. The apparent high specific activity with N-acetylneuraminic acid in 10 x -treated cells reflects, because of poor total activity, a low measurable protein concentration rather than an amplified enzyme synthesis. Furthermore, enzyme could not be detected in the filtrate of cells grown in the absence of inducer or in the culture medium of cells grown in TYE. This conclusion is further supported by the experiments with chloramphenicol and chlortetracycline. These results imply that the accumulation of neuraminidase requires de novo protein synthesis and is not the result of liberation of preformed enzyme.
The nature of the more potent inducer substance or substances present in acid-treated bird's nest is of some interest. As indicated in Fig. 1 and Table 2 , maximum induction was J. BACTERIOL. afforded by 1.5 h of treatment of bird's nest at 80°C with 0.05 N H2SO4. The data of Kathan and Weeks (13) concerning acid treatment of collocalia mucoid with 0.1 N H2S04 for 50 as opposed to 60 min at this temperature provided evidence that the former conditions gave 4-0-acetyl-N-acetylneuraminic acid as the major sialic acid derivative liberated. In contrast, under our protocols, it would appear that the inducers are more complex carbohydrate-containing polypeptides of molecular weight greater than 1,000.
The general properties of the neuraminidase induced in this microorganism, e.g., apparent molecular weight 87,000, pH optimum between 5 and 6, apparent Km of 3.3 x 10-3 M for Nacetylneuraminlactose, its insensitivity to Ca2+ ions and to EDTA, its linkage specificity, and heat stability, relate it particularly to the pneumococcal enzyme studied earlier in this laboratory (7, 26) as well as to many other pathogenic bacterial neuraminidases (4, 6) . Although it is difficult to make definitive comparisons of neuraminidase production among different microbial sources since each investigator utilizes different sialo-containing substrates for activity measurements, it is clear that this isolate produces appreciably more neuraminidase than do alternative pathogenic, or more recently described, diverse sources (28) . Thus, this isolate accumulates about 5 mg of enzyme per liter of induction filtrate, which is about 30 times more enzyme without attendant glycohydrolases than that reported for Clostridum perfringens (22) and about 150 times more enzyme than that reported for a streptomycete (16) .) The utilization of this isolate ofArthrobacter for preparing homogeneous neuraminidase for investigations on the structural and catalytic aspects of the enzyme is therefore indicated.
